Acute gastrointestinal bleeding represents a common medical emergency. We report the rare case of acute upper gastrointestinal bleeding caused by varices in the gastric fundus secondary to splenic duplication. Splenic duplication has been only rarely reported in the literature, and no case so far has described the associated complication of gastrointestinal bleeding, caused by venous drainage of the upper spleen via varices in the gastric fundus. We describe the imaging findings from endoscopy, endosonography, computed tomography (CT), flat-panel CT, and angiography in this rare condition and illustrate the effective role of intra-arterial embolization.
Acute gastrointestinal (GI) bleeding represents a common medical emergency with an annual incidence of 40-150 episodes per 100,000 persons for upper GI hemorrhage and 20-27 episodes per 100,000 persons for lower GI hemorrhage. GI bleeding is usually classified as upper or lower based on whether the bleeding source is proximal or distal to the ligament of Treitz. Typical reasons for acute GI bleeding include varices, ulcers, aortoenteric fistula, angiodysplasia, and tumors [1] .
Despite advances in the radiologic work-up of GI bleeding, including the use of recent multi-detector row computed tomography (CT) machines, often extensive and repetitive diagnostic imaging studies may fail to reveal the source of hemorrhage even in patients with the common underlying diseases mentioned above.
We report an unusual case of splenic duplication with acute upper GI bleeding due to drainage of the veins from one spleen through varices in the gastric fundus. Bleeding could be controlled by embolizing the arterial branch feeding this spleen using polyvinyl alcohol particles.
Case report
A 46-year-old male patient was referred for diagnostic work-up and therapy of acute severe upper GI bleeding. He was admitted to another hospital 1 week earlier after the acute episode where the suspicion of acute hemorrhagic gastroenteritis was made. Initial hemoglobin (Hb) level was 71 g/L, which increased after blood transfusion to 99 g/L. Upon admission to our hospital, the physical examination showed an overweight patient (28.9 kg/m 2 ) with normal temperature (36.8°C), normal blood pressure (109/71 mmHg), and normal pulse (72/min). Bowel sounds were normal over all quadrants, and there was no palpable abdominal mass. Laboratory tests were all normal.
Endoscopy in combination with endosonography was performed demonstrating isolated submucosal varices in the gastric fundus with blood flow (Fig. 1) , however, without active bleeding. Contrast-enhanced CT in the portal-venous phase showed two, wedged-shaped spleens located next to each other (Fig. 2) . No additional abnormality was noted. There were no signs of active bleeding in CT. Subsequently, conventional angiography was performed confirming two spleens which were fed separately by a superomedial and an inferolateral branch of the splenic artery, with each artery supplying one spleen (Fig. 3) . Flat-panel CT images reconstructed after selective arterial injection into the superomedial branch Correspondence to: Hatem Alkadhi; email: hatem.alkadhi@usz.ch showed enhancement of the upper spleen and venous drainage into varices in the gastric fundus (Fig. 4) , eventually reaching the splenic and portal vein. Thereafter, embolization of the upper spleen was performed with injection of polyvinyl alcohol particles (300-500 lm particles, Cook Inc.) after intra-arterial application of mepivacaine HCl 1% for pain reduction. Angiography after embolization showed occlusion of the superomedial splenic artery branch along with devascularization of the upper spleen (Fig. 5) .
Endoscopy and endosonography performed 2 days after embolization showed less prominent submucosal gastric varices with considerably reduced flow. The patient was discharged home in a good clinical condition 3 days after admission.
Discussion
The spleen is a mesodermal derivative which first appears as a condensation of mesenchymal cells inside the dorsal mesogastrium at the end of the fourth embryonic week. The mesenchymal cells of the splenic primodium differentiate to form the capsule, connective tissue framework, and splenic parenchyma. Failure of the individual clumps of mesenchymal cells to fuse properly results in congenital anomalies of the spleen like polysplenia, accessory spleen and splenic duplication [2] . Additional congenital anomalies [3] of the spleen include wandering spleen, splenic cleft and lobulation.
One differential diagnosis in our patient is polysplenia [2] , which usually is characterized by equally sized splenic tissue with round shape. Patients with polysplenia additionally show abnormalities such as congenital heart disease, short pancreas, abnormal arrangement of the solid abdominal organs or anomalies of the inferior vena cava. In our patient, the two spleens were not round but rather wedge-shaped. Also, no additional abnormality was noted in our patient, and two different splenic artery branches were seen entering the hilum of each spleen separately, which altogether best fits to splenic duplication.
The imaging findings of splenic duplication were first described in 2009 by Kim et al. [4] , reporting a patient with small-cell lung carcinoma. During CT work-up for metastatic disease, two similarly shaped spleens lying next to each other were noted, with the medial portions of the spleens in contact. Unfortunately, no information about the arterial supply and venous drainage was provided by the authors. Similar to the case from Kim et al. [4] , we found two similarly shaped spleens which were lying immediately adjacent to each other. In our patient, each spleen was supplied by a separate splenic artery branch while only one (i.e., the inferolateral) spleen drained normally via the splenic vein into the portal system. The other (i.e., the superolateral) spleen had a separate drainage via varices in the gastric fundus, eventually reaching the portal vein.
The incidence of hemorrhage from gastric varices ranges from 10%-70% [5] . Isolated gastric varices secondary to splenic pathology have been implicated as cause of upper gastrointestinal blood loss and include wandering spleen [6] , splenic thrombosis [7] and splenic arteriovenous fistula [8] . To the best of our knowledge, the patient reported herein represents the first case of upper GI bleeding resulting from the presence of splenic duplication with venous drainage via gastric varices, which most probably caused the acute GI bleeding.
In splenic duplication, enlarged splenic volume may result in increased blood flow and venous drainage. Collateral circulation develops via the short gastric, gastroepiploic, and short gastric vein, and left-sided portal hypertension with formation of gastric varices along the greater curvature and fundus of stomach may develop [9] .
The optimal treatment of gastric varices remains controversial [10] . Interventional radiologic techniques [11] , being important alternatives to traditional surgical approaches, have recently assumed an important role in the treatment algorithm for various splenic disease causing upper GI hemorrhage. The embolic agents most commonly used for splenic arterial embolization are gelatin sponge pledgets, polyvinyl alcohol particles, and coils. Palsson et al. [12] stated that partial splenic arterial embolization preserves functional splenic tissue and produces durable effects on hematologic parameters, prevents variceal hemorrhage, and improves clinical status. Injection of thrombin [13] has been also suggested as effective treatment for gastric variceal hemorrhage.
In our patient, injection of polyvinyl alcohol particles into the superomedial splenic artery branch resulted in complete occlusion of the branch. Restriction of blood inflow to the superomedial spleen led to decompression of the gastric varices. The patient responded well to the intervention and had no major complication on followup. Also, the inferolaterally placed spleen was preserved with most likely decreased patient morbidity.
In conclusion, we report the rare cause of splenic duplication causing acute upper GI bleeding via drainage of one spleen via varices in the gastric fundus. Splenic arterial intervention proved to be a quick, safe and effective method of controlling this unusual cause of bleeding.
